Retrieval of bio-and geophysical parameters from remote sensing data is an important field of research, and the prospect of extracting such information in an operational manner with a high degree of accuracy is somewhat of a holy grail and a strong driver of current scientific work.
Meaningful parameter retrieval however requires not only the availability of appropriate sensors and inversion algorithms, but also that the data that are to be utilized are acquired in a planned and systematic manner. Regional extrapolation of locally developed retrieval algorithms is imperative if the applications are to be more than of mere academic interest, and spatially consistent data over large areas thus become a requirement. The terrestrial parameters that we are attempting to characterize and quantify are furthermore in a state of constant change as a result of both human-induced and natural events, and unless we take the temporal dynamics of these phenomena into account, we will lack the temporal context and our measurements will merely constitute snap-shots in time.
Providing systematic, repetitive observations over large areas is potentially one of the strengths of remote sensing technology, and one where it could provide substantial support to both scientific and commercial applications. However, high resolution remote sensing data are generally not acquired systematically, neither in time nor in space, and this is considered a serious impediment extensive use of the technology, and for the development of operational applications.
In this paper, various aspects of requirements for systematic data acquisitions are discussed, with emphasis on the needs for regional scale parameter retrieval, relevant in the context of climate change research and terrestrial carbon cycle science.
INTRODUCTION
Model development -an example Development of algorithms for retrieval of specific parameters on the ground from satellite remote sensing data, be it above-ground biomass or soil moisture contents, may typically evolve as follows: Beginning with theoretical modelling to assure good understanding of the interaction between the ground target and the signal, the next step generally entails real data observations over a small field site with well measured ground parameters, which in turn may lead to an improved theoretical model and subsequently to repeated satellite observations over the site. The model may then be modified to cope with slightly different target characteristics and additional data observations may be performed to investigate the influence of e.g. environmental changes or variations in sensor characteristics. Ultimately, a sufficiently robust algorithm may have been developed, which allows parameter retrieval also outside the immediate study area, and it may now be of interest to apply the algorithm at a scene level, or preferably, at a regional scale to any environment that fulfils the criteria to which the algorithm has been designed to work.
Up to this point, it has been the skill of the researcher and the information contents of the data sets utilized that have governed the ultimate quality and usefulness of the algorithm developed. Applications at regional scales however, or even locally in areas different from that of the study site, require the availability of remote sensing data with the specific type of characteristics as to which the algorithm has been developed. And to be sure, such data rarely exist.
More often than not, it is the inadequacy of existing (high resolution) satellite data archives, rather than the models per se, that is the limiting factor for extended and operational retrieval of bio-and geophysical parameters.
The inadequacy of current data archives High resolution satellite data are typically not collected homogeneously over large areas, but instead in a fragmented manner over several local sites that have been specifically requested by commercial or scientific users. The AO programmes of most satellite missions are good examples of this, aimed at satisfying the diverse and local interests of the scientific investigators. This results in that some passes may be acquired systematically over long times, while the data coverage over neighbouring passes may be totally neglected. Commercial satellite operations result in a similar situation; data are principally acquired over sites requested by paying customers.
Most satellite missions generally also entail some kind of background mission objective, typically a "global coverage" goal, aimed at obtaining at least one acquisition over each node on the Earth. The actual usefulness of such global archives should however be seriously questioned. The misleading notion that SAR data are "weather independent" seems to prevail, and the data are generally acquired without any respect to seasonal effects (figures 1 and 2).
Coarse resolution data archives Fragmented data archives is typically a problem for high resolution sensors and the usefulness of systematic and consistent data observations can be demonstrated by coarse resolution satellites such as e.g. MODIS and NOAA AVHRR. Despite the low 1-km spatial resolution, AVHRR data are utilized extensively by scientists all over the world. The success of NOAA AVHRR data with respect to wide usage, can be attributed to a few main factors:
• Global coverage (sensor always on);
• Repetitive temporal coverage (any year, any season) • Long-term consistency (since early 1980's) • Low prices (affordable to anyone anywhere).
The popularity of AVHRR data can be probably be attributed at least as much to its tremendous data archive, as to the sensor itself.
Applying the AVHRR acquisition strategy directly to high resolution sensors is however not feasible due to various technical constraints (power, data volumes, on-board storage etc.) and we will in the following discuss acquisition strategies from the aspect of high resolution data, and in particular Synthetic Aperture Radar. 
SYSTEMATIC ACQUISITIONS -WHAT IS IT?
Spatial and temporal consistency For regional scale applications, such as biomass retrieval over extensive ecological regions, it is an absolute requirement that data acquisitions are performed in both a spatially and temporally consistent manner. Spatial consistency here in principle means large regional coverage without acquisition gaps. Temporal consistency refers to limiting the time period of the regional data capture in order to minimize backscatter variations caused by seasonal differences between passes. Gaps that inevitably do occur occasionally should be covered during the next cycle for minimal impact. Daily acquisitions within the target area should in principle yield a full regional coverage within one satellite repeat cycle (~ 30-45 days).
The existing data archives are however not altogether fragmented and inadequate for regional studies. Most satellites have during several occasions during their lifetime been subject to dedicated acquisition campaigns with regional emphasis. Within the Global Rain Forest and Boreal Forest Mapping (GRFM/GBFM) projects (Rosenqvist et al. 2000) , JERS-1 SAR data were acquired systematically over the entire rain forest and boreal forest zones on the Earth. And similarly, within the SIBERIA project (Schmullius et al. 2000) , ERS-1, ERS-2 and JERS-1 data were collected over central Siberia for a regional forest assessment. Several more such examples exist, also with RADARSAT.
However, despite the significantly improved utility for regional scale applications that such intensive acquisition campaigns bring about, it should be noted that they still are far from perfect. For one thing, the spatial coverage is only limited to the campaign area and for any study outside this, only the standard archive is available. Within the campaign area however, the spatial component is adequately fulfilled Jan.7-March.7, 1996, within the Global Rain Forest Mapping project. and the data can be analyzed at any scale from local to regional or sub-continental. The requirement for temporal homogeneity is largely also fulfilled (with the exception of occasional missed acquisitions that have been replaced with passes with deviating dates) and if mosaicked, the composite can in principle be treated as one image. What is lacking is the temporal repetition component.
Figure 3. Regional JERS-1 coverage over Equatorial Africa (106 passes) acquired
Adequate repetition frequency Most of the terrestrial parameters that we want to characterize and quantify are in a state of constant change and in many cases, it is these changes that we are interested in. Carbon cycle science and Kyoto Protocol support are predominantly focused around this change component, and hence, unless we take the temporal dynamics of the terrestrial parameters into account, we will lack the temporal context and our measurements will merely constitute snap-shots in time.
Adequate temporal repetition should thus be added to an optimal data acquisition strategy, on top of the requirements for spatial and temporal homogeneity. But what is actually "adequate" repetition? -It naturally depends on the ground parameter of interest. Agricultural crops, for instance, generally have life cycles spanning over a few months, and in order to sample the different growth stages properly, everycycle acquisitions (3-6 weeks with current hi-res satellites) during the cultivation period are required. The same high frequency is required for studies of seasonal inundation phenomena in major river basins, which are characterized by rapid variations.
Forest and forest biomass, on the other hand, are subject to longer growth cycles of several decades, although deforestation events may happen anytime. For monitoring of changes in forest cover, annual or bi-annual repetition frequency would probably be more adequate, depending on the intensity of land cover changes. Monitoring of desertification and forest degradation in semi-arid zones is yet another application area. These processes are often even more long-term and 3-5 year repetition may perhaps be sufficient in such areas.
So, consequently, the temporal repetition frequency of the acquisitions have to be adapted with respect to the land use, and a land use based stratification of the Earth may thus be required in a global data acquisition plan.
Timing
Timing is also an important component of repetitive observations, as seasonality may introduce bias in time series of data. Annual acquisitions of e.g. forest cover should therefore preferably be planned during the same season every year, favourably during seasons with stable dielectric conditions. Spring acquisitions should be avoided in the boreal and temperate zones as thaw and snowmelt may obscure actual changes. In the tropical zone, dry season is preferred due to lower and more stable dielectrics and larger radiometric dynamic range between base soils and vegetation cover.
Long term continuity Assuring long-term continuity of acquisitions with intercomparable sensors is well known requirement. It is imperative for any kind of climate change related research, as well as for operational support to the Kyoto Protocol, which, it should be noted, is open-ended.
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Sensor consistency
It is well known that radar frequency, polarization and incidence angle have strong effect on the backscatter and for good and bad, the JERS-1 and ERS-1/2 satellites featured instruments with fixed sensor parameters. On one hand, this assured inter-comparability between scenes acquired over the same area at different times, but on the other hand, extraction of additional information by use of e.g. multiple incidence angles, was not possible. Variable incidence angles are available with RADARSAT-1, and with the launch of ENVISAT, ALOS and RADARSAT-2, both incidence angles and polarization have to be specifically selected.
This introduces a conflict of interests as different applications have different requirements. There is also a conflict of interests between basic research, e.g. investigations of the effects of variable incidence angles and polarizations, and more operational applications, among those e.g. regional scale extraction of biophysical parameters.
In order to avoid, or at least to minimize, fragmented acquisitions with a multitude of different sensor combinations, this issue should be addressed by the science community and a "best trade-off" set of sensor parameters should sought. Because, more than optimal sensor configuration, the availability of spatially and temporally consistent, and inter-comparable, data at regional scales, is likely to govern the extent of remote sensing data used in an operational manner in the future.
CONCLUSIONS
The title of this paper, Systematic data acquisitions -a prerequisite for meaningful biophysical parameter retrieval?, is posed as a question, and as a brief summary of what has been discussed above, the reply should be "yes". It may be argued that "meaningful" biophysical parameters can be extracted even from a single scene, but without the spatial or temporal context, such activities will probably be more of academic interest than anything else.
Parameter inversion is an important area of research because of its potential impact on regional and global scale issues of public concern. Climate change is real and the UNFCCC Kyoto Protocol is an evidence that the general public all over the world want to see a change. The general public is also tax-payers who have the right to demand that the resources spent on Earth Observation satellites are utilized in favour of the public and the environment.
Going for a comprehensive and long-term data acquisition strategy is a win-win scenario for the public, the science community as well as for the space agencies. It is obvious that the establishment of comprehensive and consistent data archives in line with what has been discussed above, would stimulate both scientific and commercial utilization of satellite data. The inability for remote sensing technology to take off to become operational can to a large extent be attributed to the ignorance of the importance of systematic observations. It is time for a change and this is the way to go. Hallelujah.
